Abstract. Microelectromechanical systems, which is the science and technology that electrical engineering students should know, is a cutting-edge interdisciplinary leading human civilization (humanity) into the microcosm. Microsystem Design and Process, the course content, training approach, experimental methods are discussed. Based on foregoing analysis, the cultivation of innovative ability is explored through using leveling method. The different levels include the analysis ability, integration ability and innovative ability. Through discussing leveling method, explore cultivate students' innovative ability.
Introduction
Microelectromechanical system (MEMS) is an advanced interdisciplinary emerging, developed in recent thirty years [1] . It contains almost all fields of natural science and engineering technology, including materials, mechanical, electronics, manufacturing, physics, chemistry, biology and other disciplines, and associated with many sophisticated and intensive achievements of modern science and technology. It has extensive applications in automotive, communication, information, aviation, aerospace, medical, biological, environmental protection, industrial control and other areas [2] [3] . MEMS will be one of the most influential high-technology in twenty-first century, and a new growth point of high-technology industry. It will bring about a new industrial revolution in the new century. The research on MEMS has been developing promptly owing to a lot of researchers and substantial resources in the developed countries of the world. Investment on research and enterprises in MEMS field also increases in China, and many prominent domestic universities also set up this MEMS course.
The course of MEMS is for engineering students, and it combines theory and practice. It is still at the preliminary stage of exploration and development as an emerging field. The content of this course still explore. No matter whether course content, or teaching methods, or experimental practice, further study and development are needed. At the present time, the teaching methods of MEMS is rather simple, the practice teaching is weak.
Many problems are existed in the construction of curriculum, and those are unable to adapt to the new situation of application and innovative talents training. Therefore, it is imperative to reform the original mode for talent training.
In this paper, we proposed leveling method and training program, explore the method and cultivation mode for innovative ability. Through strengthening class teaching and practice part, consolidation and reform of the course were carried out and innovative consciousness and innovative thinking were studied.
Characteristics of the Course
The early development of MEMS, there have various understandings for different people on the meaning and technical characteristics of MEMS. The developed countries in the world have their own naming standard according to their own development histories of the field. Japan called it Micromachine since their development history is from large machining to small machinery, and to micromachine [4] . In North America, It is named microelectromechanical system (MEMS) owing to its development based on microelectronic fabrication technology [5] . And Microsystem Technologies is the name in Europe for it is considered a system. Which the name is not same demonstrates that the stage of this technology is still at an initial stage of development. In spite of the disunion of names, the contents are in convergence. It the rather early stages, named Micromachine is proper slightly due to from large machining to small machinery, and to micro machine; with nearly twenty years of development in this field, especially the mainstream processing is based on the microelectronics technology, moreover, its products are from a single separation part to the small system, some even a system of microelectromechanical system, called micromachinery is improper. Clearly, MEMS is worthy of the name; with rapid development in this field, its product is even a complex microsystem. It also comprises a sound, light and other parts beside machine, electric parts. Called microsystem technology seems more appropriate and de-served.
Up to now, MEMS are divided into common MEMS including microsensor and microactuator, bioMEMS, optical MEMS, microfluid and RFMEMS. The new field on MEMS may occur.
The course content of MEMS is complicated due to the features of its interdisciplinary. It is necessary to arrange teaching content legitimately because of limited lesson hours. The content includes overview for MEMS, materials of MEMS, microfabrication, microsensors and microactuators, design of MEMS, packages for MEMS and et al. Materials and microfabrication are the basis of design of MEMS. Application of MEMS such as microsensors and mciroactuators, is the target.
The Implementation of Leveling Program
The cultivation and formation of education quality of students are accomplished through teacher's teaching and students' learning. The cultivation of students' basic quality is carried out using the training program of leveling through teaching on MEMS.
Consideration of Leveling Method
The leveling method includes three levels, namely, analysis ability, comprehensive ability and innovative ability. The analysis ability is the base of comprehensive ability and innovative ability. The comprehensive ability is the upgrade of analysis, the innovative ability is the top stages.
The analysis ability is based on mastering knowledge. It is the first level's ability. Commonly, the analysis ability is the base and premise of comprehensive ability. On the basis of mastering knowledge, the knowledge of all the parts of a field is mixed up. The analysis ability will rise up to comprehensive ability. If the student only has the analysis ability, he will only solve the simple problem, and the complex problems cannot be solved. The comprehensive ability is higher ability, that is, the second level. The innovative ability is a sublimation of comprehensive ability and is the highest level.
Training for Analysis Ability
The analysis ability is the base of the other two abilities. Training for analysis ability is the start of cultivation of education for all-round development. Implementing the aim of training for analysis ability, the content of the course needs include:
(1) The base of mechanical analysis. The students that took MEMS course are from interdisciplinary and multiple disciplines. Some of students have not taken the courses of Engineering Mechanics. Therefore, the basic knowledge of engineering mechanics is needed for the students.
(2) The analysis of typical application of MEMS. There is a very wide range for the application of MEMS. And, the field of MEMS application has been expended. The main applications include microsensor and microactuator. The students mainly study the working principle of microsensor and microactuator in the part of typical application of MEMS. The part of course content consumes mostly lesson hours. The new applications of MEMS emerge quickly as the MEMS technologies develop fast.
Among the course content of MEMS, the microsystem design is the target of the subject. Micromachining technology is the main body of the subject, and microsystem is available only to hiring the micromachining technology. MEMS applications are mainly focus on the technical development of the field as well as the latest achievements. The application part of course content is complicated and multifarious. There-fore, the reasonable choice and arrangement of application is the key to train the analysis ability. Simplifying the content of MEMS application. The analysis ability of students are emphasized.
Cultivation for Comprehensive Ability
The comprehensive ability is demonstrated in Microsystem design and arrangement of fabrication process. Unlike microelectronics, the MEMS devices are closely related to fabrication process. In order to complement the aim to cultivate comprehensive ability, the course content of MEMS needs to include:
(1) Arrangement of typical process. Sacrificial release method, optical pattern, micromachining and bulk process are needed to teach emphatically. The contents above are the basis for microsystem design.
(2) Microsystem design. The microsystem design is the objective of this course. Through learning of microsystem design, the students can have a comprehensive knowledge of MEMS materials, fabrication process and MEMS application. The comprehensive ability can rise essentially.
(3) Preliminary thinking for microsystem. The soul of MEMS development is thinking in system. Because microfabrication method is very different from traditional fabrication method. The traditional method, that is, the machining parts are manufactured separately first, and then assembly, is not suitable to MEMS device. Specially, the MEMS devices develop towards to microsystem with advances greatly for MEMS technologies.
Formation of Innovative Ability
The formation of innovative ability needs training in a wide range.
(1) The innovative consciousness is a base of in-novation ability. The formation of innovative consciousness is carried out throughout the process of teaching, especially in the part of MEMS application. For example, in teaching the MEMS device, start in thinking how the MEMS device is and the reason why thinking in the way. Firstly, propose the needs; secondly, implement how to need the demands. Through a lot of examples, motivate innovative consciousness and Inspiration. Gradually, the students think in a mode of innovative thinking.
(2) Enhancing design part of MEMS devices and arrangement some small innovative designs. In the beginning of MEMS course, the requirement of small innovative designs are assigned to the students. The students listen to class with problems. Increasing the score of small innovative designs in order students to value the tasks.
(3) Compiling a new reference books. Currently, there is no relative reference book for cultivation of innovative ability for MEMS. The content of cultivation of innovative ability is scattered in most parts of MEMS course. Increasing the part of innovative ability can enhance cultivation of innovative ability. If so, easier complement the aim for cultivation of innovative ability.
Discussion and Analysis about Leveling Method
The prompt development of MEMS in recent decades, traditional teaching methods have been difficult to meet the cultivation of innovative ability. It is significant to employ a wide range of diversified teaching methods. For example, multimedia technology and electronic teaching plan and et al. The students accept easier through adopting teaching animation and video to provide sound, images, graphics and other in-formation.
In addition, because of course hour constraints, the contents that are not taught or explained in class can be discussed via the Internet and/or discussion groups. The students who have a will to further understand and study may have way to extend their own knowledge via to set up communication channels and platforms.
In order to implement the aim for cultivation of innovative ability, the reform needs in multiple aspects. Except reforms above, teachers' quality is also the key. Teachers are the implementers of cultivation of innovative ability. The requirement to teachers' quality is higher. To properly cultivate the innovative ability of students, the teacher should not only have good teaching ability and solid professional knowledge, but experience of scientific research on MEMS. The teachers need to have a clear understanding of the main technology of MEMS. Having innovative experience is a higher requirement. If the teacher has a experience in scientific research, no doubt, the teacher even has more powerful in cultivation of innovative ability.
Summary
In this paper, we proposed the training program with diversity levels and explored new means and modes for cultivation of innovative ability. The mode of cultivation was changed from the existing mode with knowledge-oriented to the one with enhancing quality education and developing students' innovative ability. Through reform of curriculum teaching, while cultivated students' abilities of under-standing and practice, the students' practical ability was strengthened and innovative consciousness and innovative abilities were formed.
